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.DODLVHOYDQHW DO.RN7KHGHYHORSPHQW LQSURGXFWLRQ WHFKQLTXHVRI$0&VFDXVHG WKHSURJUHVVLYH
UHSODFHPHQWRIDOXPLQXPDOOR\VLQPDQ\DSSOLFDWLRQVWRHQKDQFHSURGXFWSHUIRUPDQFH
7KHSURGXFWLRQRI$0&VZLWKSURSHUGLVWULEXWLRQDQGERQGLQJRIFHUDPLFSDUWLFOHVKDVEHHQDFKDOOHQJHRYHUWKH
\HDUV 'HYHORSPHQW DQG RSWLPL]DWLRQ RI SURGXFWLRQ PHWKRGV ZLOO LPSURYH WKH SURSHUWLHV RI $0&V WR IXOILOO WKH
UHTXLUHPHQWRIYDULRXVLQGXVWULHV$0&VDUHSUHVHQWO\SURGXFHGXVLQJVHYHUDOPHWKRGVZKLFKFDQEHFODVVLILHGLQWR
VROLGVWDWHSURFHVVLQJDQG OLTXLGVWDWHSURFHVVLQJ 7KH ODWWHU LVSUHIHUUHGGXH WR LWV VLPSOLFLW\ ORZHUFRVWQHDUQHW
VKDSHDQGPDVVSURGXFWLRQ7DKD
6WLU FDVWLQJ LV WKHZLGHO\ DGRSWHG OLTXLGPHWKRG WR SURGXFH$0&V *RSDODNULVKQDQ DQG0XUXJDQ 7KH
PDWUL[PDWHULDO LVPHOWHG LQ D IXUQDFH7KHPHOW LV VWLUUHG WR IRUPDYRUWH[$Q LQHUW JDV LVSDVVHG WRSUHYHQW WKH
IRUPDWLRQRIR[LGHV7KHFHUDPLFSDUWLFOHVDUHIHGDWDSUHGHWHUPLQHGUDWHWRWKHSHULSKHU\RIWKHYRUWH[7KHVWLUULQJ
LVFRQWLQXHGWLOODOOWKHSDUWLFOHVDUHDGGHG7KHFRPSRVLWHPHOW LVWKHQSRXUHGLQWRD PROG7KHVROLGLILHGFRPSRVLWH
FDQ EH IXUWKHU VXEMHFWHG WR KHDW WUHDWPHQW RU RWKHU VHFRQGDU\ SURFHVVLQJ WR LPSURYH WKH SURSHUWLHV 7KH FULWLFDO
SURFHVVSDUDPHWHUVDUHWHPSHUDWXUHRIWKHPHOWVWLUUHUVSHHGVWLUULQJWLPHSDUWLFOHIHHGUDWHDQGWHPSHUDWXUHRIWKH
PROG7KH OLPLWDWLRQVRI VWLU FDVWLQJDUHSRRUGLVWULEXWLRQZHWWDELOLW\SRURVLW\ LQWHUIDFLDO UHDFWLRQVDQGPRGHUDWH
YROXPH IUDFWLRQ +DVKLP HW DO  3URSHU VHOHFWLRQ RI SURFHVV SDUDPHWHUV FDQ KHOS WR SURGXFH VRXQG $0&V
3UDEXHWDO
6RPHVWXGLHVRQWKHSURGXFWLRQDQGFKDUDFWHUL]DWLRQRIDOXPLQXPDOOR\UHLQIRUFHG6L&SDUWLFOHVXVLQJVWLUFDVWLQJ
ZHUH UHSRUWHG LQ WKH OLWHUDWXUHV+DVLPHW DO SUHSDUHG$6L&$0&XVLQJ VWLUFDVWLQJ DQG HQKDQFHG WKH
ZHWWDEOLW\EHWZHHQ6L&SDUWLFOHVDQGWKHDOXPLQXPPDWUL[E\DGGLQJPDJQHVLXP6DKLQIRUPHG$$6L&
XVLQJVWLUFDVWLQJDQGUHFRUGHGWKHWRROGXULQJPDFKLQHRIWKH$0&$NKODJKLHWDOSURGXFHG$6LFXVLQJ
VWLU FDVWLQJ DQG FRPSRFDVWLQJ DQG DQDO\]HG WKH HIIHFW RI FDVWLQJ WHPSHUDWXUH RQ WKH GLVWULEXWLRQ RI 6L& SDUWLFOHV
0DKDGHYDQHWDOIDEULFDWHG$$6L&$0&XVLQJVWLUFDVWLQJDQGVWXGLHGWKHHIIHFWRIKHDWWUHDWPHQWRQ
WKHIDWLJXHSURSHUWLHVRIWKH$0&$PLUNKDQORXDQG1LURXPDQG GHYHORSHG$6L&$0&E\LQMHFWLQJ6L&
SDUWLFOHVLQWRWKHPROWHQDOXPLQXPDOOR\DQGHQKDQFHGWKHGLVWULEXWLRQRI6L&SDUWLFOHV
,QWKLVZRUNDQDWWHPSWLVPDGHWRIDEULFDWHDOXPLQXPDOOR\$$UHLQIRUFHGZLWK6L&SDUWLFOHVE\VWLUFDVWLQJ
DQGVWXG\WKH HIIHFWRI6L&FRQWHQWRQPLFURVWUXFWXUHDQGRWKHUSURSHUWLHVRI$$6L&$0&
 ([SHULPHQWDOSURFHGXUH
$$ URGV ZHUH SODFHG LQ D JUDSKLWH FUXFLEOH DQG ZDV KHDWHG XVLQJ DQ HOHFWULFDO UHVLVWDQFH IXUQDFH 7KH
FKHPLFDOFRPSRVLWLRQRI$$DOXPLQXPDOOR\ LVSUHVHQWHGLQ7DEOH$FRDWLQJZDVDSSOLHGLQVLGHWKHFUXFLEOH
WRDYRLGFRQWDPLQDWLRQ7KHWHPSHUDWXUHRIWKHIXUQDFHZDVVHWDW&7KHPHFKDQLFDOVWLUUHUZDVORZHUHGLQWR
WKHDOXPLQXPPHOWDIWHUDOOWKHURGVZHUHPHOWHG FRPSOHWHO\7KHVWLUUHUZDV URWDWHGDWDFRQVWDQWVSHHGRIUSP
WRIRUPDYRUWH[0HDVXUHGTXDQWLW\RI6L&SDUWLFOHVRIVL]HȝPZDVJUDGXDOO\IHGWRWKHYRUWH[DWDIHHGUDWH
RI DSSUR[LPDWHO\  JPLQ 6WLUULQJ RI WKHPHOW DQG IHHGLQJ RI 6L& SDUWLFOHV ZDV FRQWLQXHG LQWHUPLWWHQWO\ IRU 
PLQXWHV 7KH FRPSRVLWH PHOW ZDV WKHQ SRXUHG LQWR D GLH SUHKHDWHG WR & &DVWLQJV ZHUH WDNHQ ZLWK YDULRXV
DPRXQWVRIDQGZWRI6L&SDUWLFOHV
6SHFLPHQVZHUH SUHSDUHG IURP WKH FDVWLQJV WR FDUU\ RXWPLFURVWUXFWXUDO DQGPHFKDQLFDO FKDUDFWHUL]DWLRQ7KH
VSHFLPHQV ZHUH SROLVKHG XVLQJ VWDQGDUG PHWDOORJUDSKLF WHFKQLTXH DQG HWFKHG ZLWK .HOOHU¶V UHDJHQW 7KH HWFKHG
VSHFLPHQV ZHUH REVHUYHG XVLQJ DQ RSWLFDO PLFURVFRSH DQG D VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0 7KH
PLFURKDUGQHVV ZDV PHDVXUHG XVLQJ D PLFURKDUGQHVV WHVWHU DW  J ORDG DSSOLHG IRU  VHFRQGV 7KH WHQVLOH
VSHFLPHQVZHUHSUHSDUHGDVSHU$670(VWDQGDUGKDYLQJDJDXJHOHQJWKRIPPDJDXJHZLGWKRIPPDQGD
WKLFNQHVV RI  PP 7KH XOWLPDWH WHQVLOH VWUHQJWK 876 ZDV HVWLPDWHG XVLQJ D FRPSXWHUL]HG XQLYHUVDO WHVWLQJ
PDFKLQH7KHIUDFWXUHVXUIDFHVRIWKHIDLOHGWHQVLOHVSHFLPHQVZHUHREVHUYHGXVLQJ6(0
 5HVXOWVDQGGLVFXVVLRQ
 0LFURVWUXFWXUHRI$$6L&$0&V
7KH RSWLFDO DQG 6(0PLFURJUDSKV RI WKH IDEULFDWHG $$6L& $0&V DUH VKRZQ LQ )LJ  DQG  )LJ D
UHYHDOV WKH RSWLFDO PLFURJUDSK RI DV FDVW $$ ,W GHSLFWV WKH W\SLFDO GHQGULWLF VWUXFWXUH RI DOXPLQXP 7KH
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GHQGULWLF VWUXFWXUH H[KLELWV HORQJDWHG SULPDU\ Į$O GHQGULWLF DUPV KDYLQJ D KLJK DVSHFW UDWLR 7KH KLJK UDWH RI
FRROLQJ GXULQJ WKH VROLGLILFDWLRQ RI WKH FDVWLQJ UHVXOWV LQ WKH IRUPDWLRQ RI GHQGULWLF VWUXFWXUH 7KH VHFRQGDU\
SUHFLSLWDWLRQSKDVH0J6LLVREVHUYHGDORQJWKHGHQGULWLFERXQGDULHVGXHWRWKHKLJKVROXELOLW\OLPLWVRIWKHDOOR\LQJ
HOHPHQWVVXFKDV0JDQG6L
)LJ2SWLFDOPLFURJUDSKRI$$6L&$0&ZLWK6L&FRQWHQWDYROEYROFYRODQGGYRO
)LJEG UHYHDOV WKHRSWLFDOPLFURJUDSKVRI WKH IDEULFDWHG$$6L&$0&V7KHGHQGULWLF VWUXFWXUHRI WKH
FDVWPDWUL[LVFRPSOHWHO\GLVDSSHDUHG6L&SDUWLFOHVUHILQHGWKHGHQGULWLFVWUXFWXUHLQWRDJUDLQ\VWUXFWXUH6L&DFWVDV
DJUDLQUHILQHU6L&SDUWLFOHV SOD\ DVLJQLILFDQWUROHGXULQJWKHVROLGLILFDWLRQRIWKHFRPSRVLWH PHOWZKLFK UHVXOWVLQ
JUDLQUHILQHPHQW7KHIROORZLQJWZRIDFWRUVPD\FRQWULEXWHWRWKHJUDLQUHILQHPHQW7KHSUHVHQFHRIGLVWULEXWHG6L&
SDUWLFOHVLQWKHPHOWRIIHUVUHVLVWDQFHWRWKHIUHHO\JURZLQJDOXPLQXPJUDLQV7KHQXPEHURIJUDLQQXFOHDWLRQVLWHV
LQFUHDVHVZLWKWKHGLVWULEXWLRQRI6L&SDUWLFOHVLQWKHPHOW6HYHUDO6L&SDUWLFOHVDFWDVJUDLQQXFOHDWLRQVLWHVGXHWR
FRQVWLWXWLRQDO XQGHU FRROLQJ ]RQH LQ IURQW RI WKH SDUWLFOHV 0RUH WKH FRQWHQW RI 6L& SDUWLFOHV PRUH ZLOO EH WKH
UHVLVWDQFH WR JUDLQ JURZWK DQG PRUH QXFOHDWLRQ VLWHV $V D UHVXOW IRUPDWLRQ RI ILQHU JUDLQV WDNHV SODFH GXH WR
HQKDQFHGJUDLQUHILQHPHQW
,WLVHYLGHQWIURPWKHRSWLFDO)LJEGDQG6(0PLFURJUDSKV)LJ WKDWWKHGLVWULEXWLRQRI6L&SDUWLFOHVLQWKH
DOXPLQXPPDWUL[LVIDLUO\KRPRJHQHRXV7KHUHLVQRVHJUHJDWLRQRI6L&SDUWLFOHVDORQJWKHJUDLQERXQGDULHV0RVW
RI WKH SDUWLFOHV DUH ORFDWHG ZLWKLQ WKH JUDLQV LH WKH GLVWULEXWLRQ LV LQWUDJUDQXODU ,QWUD JUDQXODU GLVWULEXWLRQ RI
FHUDPLFSDUWLFOHVLVSUHIHUUHGLQ$0&VRYHULQWHUJUDQXODUGLVWULEXWLRQWRREWDLQKLJKHUPHFKDQLFDODQGWULERORJLFDO
SURSHUWLHV7KHGLVWULEXWLRQRIUHLQIRUFHPHQWSDUWLFOHVLQWKHPDWUL[PDWHULDOWDNHVSODFHLQWKUHHVWDJHVDVIDU DVVWLU
FDVWLQJLVFRQFHUQHGDGLVWULEXWLRQRISDUWLFOHVLQWKHPHOWDVDUHVXOWRIPL[LQJEGLVWULEXWLRQRISDUWLFOHVLQWKH
PHOW EHIRUHSRXULQJRU VROLGLILFDWLRQ DQG F UHGLVWULEXWLRQRI SDUWLFOHV DV D UHVXOW RI VROLGLILFDWLRQ +DVKLPHW DO
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$GHTXDWHVWLUULQJFDXVHVWKHSDUWLFOHVWREHGLVSHUVHGHIIHFWLYHO\LQWKHPHOW7KHPHFKDQLFDOVWLUULQJDFWLRQ
GULYHVWKHSDUWLFOHLQWRWKHPHOW6XVSHQVLRQRI6L&SDUWLFOHVLQWKHPHOWWKURXJKRXWWKHVWLUULQJSHULRGEHIRUHSRXULQJ
LVQHHGHGWRDFKLHYHSURSHUGLVWULEXWLRQ7KHZHWWLQJDFWLRQEHWZHHQ6L&SDUWLFOHDQGWKHDOXPLQXPPHOWSURYLGHV
UHVLVWDQFHWRWKHIUHHPRYHPHQWRI6L&SDUWLFOHZLWKLQWKHPHOW)XUWKHUWKHLQFRUSRUDWLRQRI6L&SDUWLFOHVLQWRWKH
DOXPLQXPPHOW LQFUHDVHV WKHYLVFRVLW\RI WKHPHOW7KH LQFUHDVH LQYLVFRVLW\ OHDGV WR UHWDUG WKHPRYHPHQWRI6L&
SDUWLFOH0RUH WKHFRQWHQWRI6L&SDUWLFOHPRUHZLOOEH WKHYLVFRVLW\DQGUHVLVWDQFH WR WKHPRYHPHQWRISDUWLFOHV
7KHDERYHOLVWHGIDFWRUVUHVXOWVLQEHWWHUGLVWULEXWLRQRI6L&SDUWLFOHVLQWKHDOXPLQXPPDWUL[
)LJ6(0PLFURJUDSKRI$$YRO6L&DWPDJQLILFDWLRQD[YROE[F[DQGG[
7KH VROLGLILFDWLRQ SDWWHUQ SOD\V D UROH LQ WKH UHGLVWULEXWLRQ RI SDUWLFOHV DIWHU SRXULQJ  'XULQJ VROLGLILFDWLRQ
VHYHUDOIDFWRUVVXFKDVFRQYHFWLRQFXUUHQWPRYHPHQWRIWKHVROLGLILFDWLRQIURQWDJDLQVWSDUWLFOHVDQGEXR\DQWPRWLRQ
RISDUWLFOHVLQIOXHQFHWKHGLVWULEXWLRQRISDUWLFOHVLQ$0&V%DXULHWDO,IWKHVROLGLILFDWLRQIURQWSXVKHVWKH
SDUWLFOHV WKH GLVWULEXWLRQ ZLOO EH LQWHU JUDQXODU 2WKHUZLVH WKH LQWUD JUDQXODU GLVWULEXWLRQ ZLOO RFFXU LI WKH
VROLGLILFDWLRQIURQWHQJXOIVWKHSDUWLFOHV2EVHUYLQJWKHGLVWULEXWLRQRI6L&SDUWLFOHVLWDSSHDUVWKDWWKH6L&SDUWLFOHV
ZHUHHQJXOIHGE\WKHVROLGLILFDWLRQIURQWZKLFKOHGWRLQWUDJUDQXODUGLVWULEXWLRQ
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7KH6(0PLFURJUDSKRI$$ZW 6L&$0&DWKLJKHUPDJQLILFDWLRQLVSUHVHQWHGLQ)LJG7KHILJXUH
UHYHDOV WKHGHWDLOV RI WKH LQWHUIDFH H[LVWLQJEHWZHHQ WKH DOXPLQXPPDWUL[ DQG6L&SDUWLFOH7KH LQWHUIDFH LV FOHDU
ZLWKRXW WKH SUHVHQFH RI DQ\ UHDFWLRQ SURGXFWV 6L& GLG QRW UHDFW ZLWK WKH DOXPLQXP WR SURGXFH DQ\ XQGHVLUDEOH
FRPSRXQGV7KHDEVHQFHRIDQ\LQWHUIDFLDOUHDFWLRQFDQEHDWWULEXWHGWRFRPELQDWLRQRISURFHVVSDUDPHWHUVVHOHFWHG
IRUVWLUFDVWLQJ6L&SDUWLFOHVDUHWKHUPRG\QDPLFDOO\VWDEOHXQGHUWKHH[SHULPHQWDOFRQGLWLRQV6L&SDUWLFOHGLGQRW
GHFRPSRVHGXULQJFDVWLQJ7KHUHDUHQRSRUHVRUYRLGVDUHVHHQDURXQG6L&SDUWLFOHVZKLFKDUHSURSHUO\ERQGHGWR
WKHPDWUL[DOOR\$FOHDULQWHUIDFHDQGSURSHUERQGLQJHQKDQFHWKHORDGEHDULQJFDSDFLW\RIWKH$0&
)LJ(IIHFWRI6L&FRQWHQWRQDPLFURKDUGQHVVDQGE876
0HFKDQLFDOSURSHUWLHVRI$$6L&$0&V
7KHHIIHFWRIZHLJKWSHUFHQWDJHRI 6L&SDUWLFOHVRQWKHPHFKDQLFDOSURSHUWLHVRI$$6L&$0&LVVKRZQLV
)LJ  7KH UHLQIRUFHPHQW RI 6L& SDUWLFOHV WR WKH DOXPLQXP DOOR\ PDWUL[ WR IRUP WKH FRPSRVLWH LPSURYHV WKH
PLFURKDUGQHVVDQG8766L&SDUWLFOHVVWUHQJWKHQ$$6L&$0&$$ZW 6L&$0&H[KLELWV
KLJKHU PLFURKDUGQHVV DQG  KLJKHU 876 FRPSDUHG WR XQUHLQIRUFHG $$ DOOR\ 7KH VWUHQJWKHQLQJ RI
$$6L&$0& FDQ EH H[SODLQHG DV IROORZV 7KH YDOXH RI WKHUPDO H[SDQVLRQ FRHIILFLHQW LV QRW VDPH IRU WKH
DOXPLQXP DOOR\ $$ DQG 6L& SDUWLFOH $V D UHVXOW VWUDLQ ILHOGV DUH FUHDWHG DURXQG 6L& SDUWLFOHV GXULQJ
VROLGLILFDWLRQ RI WKH FRPSRVLWHPHOW 7KH VWUDLQ ILHOGV SLOH XS GLVORFDWLRQV7KH SURSDJDWLQJ FUDFNV GXULQJ WHQVLOH
ORDGLQJHQFRXQWHUVUHVLVWDQFHGXHWRWKHLQWHUDFWLRQ EHWZHHQGLVORFDWLRQVDQG6L&SDUWLFOHV7KHGHWDFKPHQWRI6L&
SDUWLFOHVLVGHOD\HGGXHWRWKHSUHVHQFHRI DFOHDULQWHUIDFH DQGSURSHUERQGLQJ7KHGLVSHUVLRQRI6L&SDUWLFOHVDOO
RYHUWKHDOXPLQXPPDWUL[SURYLGHV2URZDQVWUHQJWKHQLQJ =KDQJDQG&KHQ7KHUHIRUHPLFURKDUGQHVVDQG
876DUHLPSURYHG7KHDPRXQWRIVWUDLQILHOGVLVSURSRUWLRQDOWRWKHZHLJKWSHUFHQWDJHRI6L&SDUWLFOH+HQFHPRUH
VWUDLQILHOGVDUHFUHDWHGDVWKHZHLJKWSHUFHQWDJHRI6L&SDUWLFOHLVLQFUHDVHG7KHVWUHQJWKHQLQJRI WKHPDWUL[DOOR\
LPSURYHVIXUWKHU
7KH IUDFWXUHPRUSKRORJ\ RI WKH WHQVLOH WHVWHG VSHFLPHQV RI $$6L&$0&V DUH SUHVHQWHG LQ )LJ  7KH
IUDFWXUHPRUSKRORJ\RIWKHPDWUL[DOOR\$$LQ)LJDVKRZVKRPRJHQHRXVO\GLVWULEXWHGODUJHVL]HYRLGVZKLFK
LQGLFDWH D GXFWLOH IUDFWXUH 7KH IUDFWXUH PRUSKRORJLHV RI WKH IDEULFDWHG $$6L& $0&V )LJ E±G VKRZ
VPDOOHUVL]HYRLGVFRPSDUHGWRWKDWRIPDWUL[DOOR\7KHIUDFWXUHVXUIDFHSUHVHQWVUHODWLYHO\DIODWDSSHDUDQFHZKLFK
LQGLFDWHVPDFURVFRSLFDOO\EULWWOHIUDFWXUHDQGPLFURVFRSLFDOO\GXFWLOHIUDFWXUH7KHUHLQIRUFHPHQWRI6L&SDUWLFOHVWR
WKHPDWUL[DOOR\UHILQHGWKHJUDLQVL]HDQGUHGXFHGWKHGXFWLOLW\ZKLFKUHVXOWHGLQVPDOOHUYRLGV,WLVIXUWKHUREVHUYHG
WKDW6L&SDUWLFOHV UHPDLQ LQWDFW LQ VHYHUDOSODFHV RQ WKH IUDFWXUH VXUIDFHZKLFKJLYHHYLGHQFH IRU WKHH[LVWHQFHRI
JRRGERQGLQJEHWZHHQWKHDOXPLQXPPDWUL[DQGWKHUHLQIRUFHG6L&SDUWLFOHV
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)LJ 6(0 PLFURJUDSKRI IUDFWXUHVXUIDFHRI $$6L&$0&ZLWK6L&FRQWHQWD YROEYROFYRODQGGYRO
 &RQFOXVLRQV
,Q WKH SUHVHQW ZRUN $$6L& $0&V ZHUH VXFFHVVIXOO\ IDEULFDWHG XVLQJ VWLU FDVWLQJ 7KH HIIHFW RI 6L&
FRQWHQWRQPLFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHVZHUHDQDO\]HG7KHGLVWULEXWLRQRI 6L&LQWKHDOXPLQXPPDWUL[
ZDVIDLUO\KRPRJHQHRXV7KHGLVWULEXWLRQRI6L&SDUWLFOHVZDVREVHUYHGWREHLQWUDJUDQXODU6L&SDUWLFOHVUHILQHG
WKHJUDLQVRIPDWUL[DOOR\DQGZHUHSURSHUO\ERQGHGWRWKHPDWUL[7KHLQWHUIDFHEHWZHHQWKH 6L&SDUWLFOHDQGWKH
DOXPLQXPPDWUL[ZDVFOHDQZLWKRXWWKHSUHVHQFHRIUHDFWLRQSURGXFWVSRUHVDQGYRLGV6L&SDUWLFOHVHQKDQFHGWKH
PLFURKDUGHVVDQG876RIWKHFRPSRVLWH$$ZW 6L&$0&H[KLELWHGKLJKHUPLFURKDUGQHVVDQG
KLJKHU876FRPSDUHGWRXQUHLQIRUFHG$$DOOR\7KHLQFUHDVHLQ6L&FRQWHQWVKLIWHGWKHIUDFWXUHPRGH
IURPGXFWLOHWREULWWOH
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